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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

Identification No.: MA 00447
Name of Dam: WASHINGTON STREET DAM

.. Town: HUDSON
County and State: MIDDLESEX, MASSACHUSETTS .-.

Stream: ASSABET RIVER
Date of Inspection: 8 November 1978

BRIEF ASSESSMENT

Washington Street Dam consists of a stone masonry spillway 67 feet long
and 8 feet high with 15 feet high masonry walls and embankments on each
side. The original length of the dam is unknown due to development on
each side of the spillway. The dam, which reportedly was constructed in
the 1860's, impounds the waters of the Assabet River in the Town of Hud-
son, Mass. The dam was originally constructed to supply water to an ad- --
jacent mill. An outlet works which contains a single gate is present at

•. the left abutment of the spillway.

S7The dam is in poor condition. A number of pressure leaks are present
C near the bottom of the spillway on the left side. There is a bulge in

the face of the spillway in the same area. There are indications that
local areas may have settled behind the right downstream channel wall.

Based on the size classification, intermediate, and hazard classification,
significant, in accordance with Corps of Engineer Guidelines, the spillway3 test flood is the 112 Probable Maximum Flood (1/2 PHF). Hydraulic analysis
indicates that the spillway can safely pass the test flood of 3,790 cfs with
a reservoir stage approximately 0.1 feet below the top of dam. Maximum

'" spillway capacity was estimated to be 3,820 cfs.

Investigations are recommended to determine the structural stability of the
spillway and to determine the present condition of the former sluiceway.

* The plugging of leaks in the spillway and the repair of leaks at the outlet
gate should be performed with the investigations. Remedial measures recom-
mended for this facility include the removal and patching of deteriorated
concrete at the outlet works, the removal of vegetation and/or debris from
the channel walls and spillway crest and the repair of a concrete joint in
the left downstream channel wall. The Owner should develop a formal main-

, :" tenance program, operational procedure, emergency procedures plan and insti- .
tute a program of annual technical inspections. The remedial measures and
recommendations should be performed within 1 year of receipt of this report
by the Owner. Until the repairs to the spillway have been accomplished, the
dam should be kept under surveillance during periods of high precipitation
and high reservoir levels.

Camp Dresser & McKee Inc. '5'k - -"

c~ROGER
::~~~~H AoeH,., :X

RogrR Wood 64---OO

Vice President -No.12757$<
~e

M1OAL V

. . . . . . . . . ... *...*

• . . °. ', '. "o . - . . . . o •a * ° . - * -o " . * o . - . . . *• .- * ' o o* o o, ° , . = .l

................... -. .. ................................. ...................--................... :.,...:.,.,. ... :...... , ,
• " .'.-'. '.-.-' ". -'. ." -','.. .. . . . . . . . . . . . . . . . .,.. . . ..". ..."."...,. .,, " " ,', •-'," " -* *"': * * , * '* . . ' -'



This Phase I Inspection Report on Washington Street Dam has been reviewed
by the undersigned Review Board members. In our opinion, the reported
findings, conclusions, and recommendations are consistent with the
Recommended Guidelines for Safety Inspection of Dams, and with good
engineering judgment and practice, and is hereby submitted for approval.

CHARLES G. TIERSCH, Chairman
Chief, Foundation and Materials Branch
Engineering Division

FRED J. RAVENS, Jr., Member
Chief, Design Branch
Engineering Division

SAUL COOPER, Member .'

Chief, Water Control Branch
Engineering Division

APPROVAL RECOMMENDED:

JOE B. FRYAR
Chief, Engineering Division
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PREFACE

This report is prepared under guidance contained in the Recommended Guide-
lines for Safety Inspection of Dams, for Phase I Investigations. Copies of
these guidelines may be obtained from the Office of Chief of Engineers,
Washington, D.C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to human life or

- property. The assessment of the general condition of the dam is based upon
available data and visual inspections. Detailed investigation, and analyses
involving topographic mapping, subsurface investigations, testing, and de- 's.
tailed computational evaluations are beyond the scope of a Phase I Investi-
gation; however, the investigation is intended to identify any need for such
studies.

- In reviewing this report, it should be realized that the reported condition
of the dam is based on observations of field conditions at the time of in-
spection along with data available to the inspection team. In cases where
the reservoir was lowered or drained prior to inspection, such action, while
improving the stability and safety of the dam, removes the normal load on
the structure and may obscure certain conditions which might otherwise be de-
tectable if inspected under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on numerous and
constantly changing internal and external conditions, and is evolutionary
in nature. It would be incorrect to assume that the present condition of the
dam will continue to represent the condition of the dam at some point in the

* future. Only through continued care and inspection can there be any chance
that unsafe conditions be detected.

* Phase I Investigations are not intended to provide detailed hydrologic and
* hydraulic analyses. In accordance with the established Guidelines, the test

flood is based on the estimated "probable maximum flood" for the region
(greatest reasonably possible storm runoff), or a fraction thereof. Because _

Q of the magnitude and rarity of such a storm event, a finding that a spillway
.. will not pass the test flood should not be interpreted as necessarily pos-

ing a highly inadequate condition. The test flood provides a measure of
relative spillway capacity and serves as an aide in determining the need for
more detailed hydrologic and hydraulic studies, considering the size of the
dam, its general condition and the downstream damage potential.
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1. Overview of Dam from Washington St. Bridge.
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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT
WASHINGTON STREET DAM

MA 00447

SEC ION 1: PROJECT INFORMATION

1.1 General

a. Authority - Public Law 92-367, 8 August 1972, authorized the
Secretary of the Army, through the Corps of Engineers, to ini-
tiate a national program of dam inspection throughout the United
States. The New England Division of the Corps of Engineers has

-, been assigned the responsibility of supervising the inspection
of dams within the New England Region.

Camp Dresser & McKee Inc. has been retained by the New England
Division to inspect and report on selected dams in the State of
Massachusetts. Authorization and notice to proceed was issued
to Camp Dresser & McKee Inc. under letters of 12 July 1978 and
23 October 1978 from Colonel John P. Chandler, Corps of Engineers.
Contract No. DACW 33-78-C-0354 has been assigned by the Corps of
Engineers for this work. Haley and Aldrich, Inc. has been re-
tained by Camp Dresser & McKee Inc. for the soils and geological
portions of the work.

b. Purpose - The primary purpose of the investigation is to:

C: (1) Perform technical inspection and evaluation of non-Federal

dams to identify conditions which threaten the public

"" safety and thus permit correction in a timely manner by
non-Federal interests. 4

(2) Encourage and assist the States to initiate quickly effec-
tive dam safety programs for non-Federal dams.

(3) Update, verify and complete the National Inventory of Dams.

1.2 Description of Project

a. Location - The Washington Street Dam (sometimes called Mill Dam)
is located on the Assabet River in the downtown section of the
Town of Hudson, Massachusetts, approximately 25 feet upstream of
the Washington Street bridge. Access to the dam is directly off
of Washington Street.

:'.1-1 "."-".'4..
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b. Description of Dam and Appurtenances - The actual length of the
constructed dam is unknown. Evidence of the original embankment
areas have been hidden by the property development on each side

* of the spillway and the construction of the road and bridge
inimediately downstream of the spillway. Due to the presence of
blocked-off openings in the right downstream channel wall, it is
assumed that sluiceways were present to the right of the present
spillway. The remaining portion of the dam, that which must be
considered the present dam, has a length of 67 feet of which 61

- feet is spillway and 6 feet is the outlet works. The height of
the present dam is approximately 15 feet with the spillway crest
elevation being 7 feet below dam crest.

The downstream face of the spillway is vertical while the upstream
face is sloped approximately 3 horizontal to 1 vertical. Princi-
pal construction of the spillway is stone masonry with mortared
joints. The right abutment is of the same construction and serves

as the foundation wall of a hardware building which was formerly
a mill. The structure is understood to have no basement. Open-
ings in this wall were blocked off with concrete after the flood

[I of August 1955.

The left side of the spillway contains a 6 foot by 8 foot con-
crete outlet structure. A 3 foot by 4 foot wood sluice gate is
located in this structure. The invert of the sluice gate is
approximately I foot above the downstream elevation of the spill-
way. The operating controls are located on top of the outlet
structure.

The left abutment, training wall and downstream channel wall is
a concrete retaining wall. The top of the wall is approximately
7 feet above the spillway crest elevation and 2 feet above the

! outlet structure. The area to the left of the abutment has a *.. .
ground elevation which is fairly flat, extending to a service
station approximately 50 feet away.

c. Size Classification - The height of the dam is approximately
15 feet and the estimated total storage capacity at the top of
the dam is 1,570 acre-feet. According to guidelines established
by the Corps of Engineers, the dam is classified in the inter- ," -,
mediate category based on the storage capacity.

d. Hazard Classification - The dam failure analysis indicates a
potential for some loss of life in addition to appreciable econo-
mic loss. Downstream of the dam, several business and residen-
tial structures would be in the path of the suddenly rising
water. The proximity of the residential structures to the
Assabet River indicate a possible loss of life. Economic -.

losses would result from the flooding of businesses located
immediately downstream. Therefore, the Washington Street Dam a
i s cl assi fied as having a si gni ficant hazard potential.

1-2
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e. Ownership - The dam is presently owned by the Hudson Light and
Power Department, of the Town of Hudson, MA. Mr. H. Huehmer of -' --

the Light and Power Department, 44 Forest Ave., Hudson, MA.
01749, is the owners' representative.

f. Operator - Mr. Julian Dubois, Distribution Supervisor for Hudson
Light and Power Company, Hudson, MA., Tel. 617-568-8736 is the
owners ' operator.

g. Purpose of the Dam - The Washington Street Dam, at one time,
supplied water to an old mill on the spillway right abutment.
At this time, there is no known purpose for the dam, other than
for aesthetic reasons.

h. Design and Construction History - The dam was constructed in
the 1860's. In 1958, work was done on the Washington Street bridge
and brige abutments in the close vicinity of the dams' side
wall s.

i. Normal Operational Procedures - There are no operational proce-
dures currently in effect for this structure.

1.3 Pertinent Data

Elevations given in this report are on National Geodetic Vertical
Datum (NGVD) formerly referred to as Mean Sea Level (MSL). The ele-
vation assigned to the spillway crest was taken from Massachusetts
Geodetic Survey High Water Data Flood of March 1936 in Massachusetts.

a. Drainage Area - The dam impounds waters of the Assabet River in
the Town of Hudson, Massachusetts. The watershed above the dam
is 63.7 square miles. The reservoir occupies a negligible per-

,. centage of the total drainage area. The watershed is very flat,
with extensive reaches of swamp and marsh areas. The remaining
portions of the watershed are forested rolling terrain with very ,..:
I i ght development.

b. Discharge at Dam Site - Although there is no recorded informa-
tion for discharge at the dam site, information is available
concerning water surface elevations of the pond upstream of the
dam during periods of high flow. Peak water surface elevations
occurred in November 1927, March 1936, August 1955, October 1962
and March 1968. Based upon the spillway configuration and

b recorded water surface elevations, the discharge for the August A ..
1955 flood was approximately 3000 cfs. This flood is generally
considered the flood of record for the Assabet River.

(1) Outlet Works - 3 ft by 4 ft sluice gate at approximate
invert elev. 199.4.

1-3
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(2) The maximum known discharge occurred in August 1955, and is ..

estimated to have been 3,000 cfs.

(3) Ungated spillway capacity at top of dam abutment is 3,820
cfs at elev. 212.7.

(4) Ungated spillway capacity at test flood discharge is 3,790
cfs at elev. 212.6.

(5) Gated spillway capacity at normal pool elevation ------ N/A -

(6) Gated spillway capacity at test flood elevation ------- N/A

(7) Total spillway capacity at test flood elevation is 3,790
cfs at elev. 212.6.

(8) Total project discharge at test flood elevation is 3,790
cfs at elev. 212.6.

c. Elevation (NGVD)

(.1) Streambed at centerline of dam ------------------ 197.7

(2) Test flood tailwater -------------------------- 208.0

(3) Normal pool ---------------------------------- 205.7

n (4) Spillway crest ------------------------------- 205.7

(5) Original spillway design surcharge ------------- Unknown -

(6) Top of dam (abutment) --------------------------212.7

* (7) Test flood design surcharge --------------------- 212.6

d. Reservoir

(1) Length of test flood pool ----------------- 3220 ft (Est.)

(2) Length of normal pool ------------------ 2170 ft (Est.)

e. Storage (acre-feet)

(1) Normal pool ----------------------------------- 100 .

(2) Top of dam (abutment) -------------------------- 1570

(3) Test flood pool ------------------------------- 1540

1-4
U 0 4P 6 0 0 S1 S 0 9 9 0 a

~~~~~. .. . . . ....'' '. . - .- -. ,: ' , . . . . -"" ." .-. . '. -1 ' . " -.-. •. " " ' . ': . - . -. "' .-. : ''



f. Reservoir Surface (acres)

(1) Normal pool---------------------------------------- 55

(2) Spillway crest------------------------------------- 55

(3) Test flood pool ----------------------------------- 363

(4) Top of dam (abutment)------------------------------ 365

g. Dam (See also Spillway Data)

(1) Type --------------- stone masonry spillway with probable
adjacent embankments

Ind ~(2) Length------------------------------------- 67 ft plus

(3) Height------------------------------------------ 15 ft

(4) Top width------------------------------------- Unknown ~

1.(5) Side slopes------------------------------- D/S Vertical

(6) Zoning---------------------------------------- Unknown

(7) Impervious core-------------------------------- Unknown

(8) Cutoff---------------------------------------- Unknown

(9) Grout curtain---------------------------- Probably none

h. Diversion and Regulating Tunnel ------------------------ None

i. Spillway

(1) Type ----------------------- Broad crested stone masonry

(2) Length of weir -------------------------------- 61.0 ft

(3) Crest elevation --------------------------------- 205.7 ......

(4) Gates---------------------- 3 f oot by 4 f oot sl ui ce gate

(5) U/S Chainel------------------------------ Assabet River

(6) D/S Channel------------- 3 arch culverts under Washington
Street each 18 feet in diameter .

j. Regulating Outlet - There is a 3 f oot by 4 f oot sl ui ce gate on *

the left side of the spillway. Reportedly the gate is in poor- *

operational condition. A backhoe will usually be used to seat
the gate after being operated.

UF 0 40 41 0 0 _0 _ U



SECTION 2: ENGINEERING DATA

2.1 Design

There are no known design records for the dam.

2.2 Construction

No records of the original construction were located.

2.3 Operation

There are no known operational records other than County and State
inspection reports. '

2.4 Evaluation

a. Availability - There are no known records on the dam except for
County and State inspection reportt.

b. Validity -No data was located for the dam.

c. Adequacy- In the absence of engineering data on the dam, the
eva ua-ton for this investigation must be based on the visual ~...-
examination.

F-
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SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General - The Phase I Visual Examination of the Washington Street
Dam was conducted on 8 November 1978.

The dam was observed to be in poor condition based on observed
pressure leaks present at the spillway and probable loss of fill
material in the abandoned sluiceway. In addition, the outlet --

works gate is believed to be only marginally operable.

Visual inspection checklists for the site visit are included in
Appendix A and selected photographs are given in Appendix C.

b. Dam - The dam, due to adjacent development of the area, is basic-
ally a stone masonry spillway between a stone masonry channel
wall on the right side and a concrete channel wall on the left
side. An outlet works structure is present between the spill-
way weir and the left channel wall. Debris is present along
the spillway crest. The left half of the spillway contains
18 or more pressure leaks near the base of the structure.
They are clearly visible from the downstream bridge. The face
of the spillway appears to be bulging downstream in the area of

* the leaks.

While the dam presently has no discernable earth embankments as
such, the fill materials behind each masonry abutment wall also
serve to retain the water stored by the dam. There is no visual
evidence of wall or backfill settlement or lateral movement, or
major seepage, but there is some question as to the present
condition of the former sluiceway around the right abutment of
the dam. p....

There is a sag in the northeast corner of the hardware store

floor and a large bituminous concrete patch in the sidewalk in
front as shown in Photo 11. These conditions, in conjunction
with the possible incomplete closure of the water level opening
in the channel wall below the dam, as shown in Photo 10, may
indicate either loss or consolidation of existing sluiceway
fill. A loss of material into the channel would be concealed by
the river flow.

c. Appurtenant Structures

(1) Approach Channel - The approach channel is formed by two
walls extending about 120 feet upstream of the spillway .

weir. The right wall is a grouted stone masonry wall. It

. . .
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-. was a part of the foundation of a mill building but now is
part of a hardware store foundation. The openings for the
former sluiceways of the mill have been plugged with con-

-- crete. Brush is growing in the joints of this wall. The
left wall near the spillway is of concrete construction
and is in good condition. The remaining portion of the
wall is grouted stone masonry which is in good structural
condition but has a heavy vine growth.

(2) Outlet Works - The 3.0 foot by 4.0 foot slide gate in the

otlet structure is leaking around the edges and top.
There is also a small leak developing through the slide
gate in the upper left hand corner. The concrete at the
spillway side of the structure has badly spalled and ero-
sion is taking place at the crest level. A crack is present
in the concrete on the downstream face of the structure.

(3) Discharge Channel The left wall is a concrete retaining
wall about 15 feet high matching into the grouted stone
abutment of the bridge on Washington Street. The wall has
three weep holes about 5 feet above the wall footing with
the two closest to the dam leaking water. The concrete
below the weep holes is badly stained. More water and
staining was observed at the bottom of the vertical joints
in the concrete wall. Although seepage was observed, soil
particles were not evident in the seepage flow. The second

U joint downstream from the dam appears to be an expansion
joint with joint filler either missing or badly disinte-
grated. A piece of concrete has broken off from the top of
the downstream face of the expansion joint. There is an
exposed 3 foot high by 8.5 foot wall footing visible just
below the water surface. There was an indication that slight

, movement has taken place at the top of the wall.

The right wall is of the same construction and condition as
the right approach channel wall except that a sluiceway
opening at the bottom of the wall has been sealed with pre-
cast concrete rather than cast in place concrete. It appears
that the downstream edge of the closure slab is being sup-
ported by reinforcing bars grouted into the joint of the
stone masonry.

During the inspection of the dam, a heavy smell of gasoline _-____

could be detected and a petroleum product could be seen 0
floating in the water under the bridge. The amount observed
was much greater than one would expect from normal roadway
discharge.

d. Reservoir Area - There is a slight increase in the width of the - "
river channel upstream of the Washington Street Dam. Develop- _9

ment is sparse with a few dwellings and businesses immediately
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upstream of the dam. Relatively minor flooding with no appre- --

'" ciable damage to structures would occur upstream of the dam at
test flood elevation. No significant potential was observed for
landslides into the general pool area of the dam which would
create waves that might overtop the abutments of the dam. No
conditions were noted that would result in a sudden increase in
sediment load into the upstream pool.

e. Downstream Channel - Immediately downstream of the Washington
Street Dam, flow must pass under Washington Street (Route 85).
The bridge consists of three arch-type openings, each approxi-
mately 18 feet in diameter and approximately 50 feet in length.
Downstream of Washington Street, on the right bank, is a brick
and concrete structure constructed on the river bank. -;'- "

There are approximately 4 residential structures located further
downstream on the left bank, set back somewhat from the normal
river edge.

Extensive shrubbery exists on and alongside both banks. Eleva-
I. tions rise somewhat sharply on the right bank, while the eleva-

tions on the left bank are much flatter. Approximately 1,300 ...

feet downstream of the dam, is the Houghton Street Bridge. The
bridge consists of three rectangular openings, each 24 feet wide
and 7 feet high. Average slope of the river bed between Wash- -

ington Street and Houghton Street is .0017.

3.2 Evaluation

Based on the visual examination during the site visit on 8 November -"

1978, the dam was found to be in poor condition due to the observed
line of leaks at the bottom of the spillway and the apparent bulging

. of a portion of the spillway face. Other deficiencies noted during
the examination included brush and vine growth on the walls, deteri-
oration of concrete at the outlet structure, leaks at the outlet
works gate and seepage at the downstream walls. The pressure leaks
in the spillway, the bulging of the spillway face and the indicated
slight movement of the left downstream channel wall are all condi-
tions that could affect the stability of the structure. The pressure
leaks and bulging will be further discussed in Section 6. The indi-
cated movement of the downstream channel wall Is so slight that it "

is not of immediate concern.

L The abutment-area fills at the Washington Street Dam appear to be .0
performing adequately at the present time, but the uncertain con- - "

dition of the apparent former sluiceway around the right abutment .
offers some potential for uncontrolled water flow past the dam.
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures- In general, there is no established routine for the
operation of the dam.

4.2 Maintenance of Dam - There is no established formal procedure for
the maintenance of the dam.

4.3 Maintenance of Operating Facilities - There is no formal procedure
for maintenance of operating facilities.

4.4 Description of any Warning System in Effect - There is no established
warning system or emergency preparedness plan in effect for the dam.

4.5 Evaluation - There is no formal operational procedures in effect for
the dam. Operational procedures, maintenance programs, warning
systems and an emergency preparedness plan should be established for
the dam. Periodic maintenance should be performed to insure the
gate is operational and to minimize deterioration of the structure.

4-1
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SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 Evaluation of Features

a. General - The Washington Street Dam is located on the Assabet
River in the downtown section of the Town of Hudson, MA. approx-
imately 25 feet upstream of Washington Street. The dam is a
stone masonry structure having a maximum height of approximately
15 feet and a total length of 67 feet. The spillway is 61 feet
in length and rises approximately 8 feet above the downstream
river bed. The dam creates an impoundment of 55 acres and an
estimated total storage capacity of approximately 100 acre-feet,
at its spillway crest elevation of 205.7. The pool at the top
of dam (approx. elev. 212.7) comprises 365 acres and an esti-
mated total storage capacity of 1,570 acre-feet. The upstream
pool is reported to be heavily silted and the project is basic-
ally a run of the river type with minimal upstream surcharge-
storage.

b. Design Data - There are no plans or records available concerning
design data or construction details for this dam. All hydraulic
and hydrologic criteria used in this report. were developed by
utilizing the U.S.G.S. quadrang'i' maps, flood records, and other .. ::.
data gathered for this investigation.

c. Experience Data - Significant flooding has occurred on the Assa-
bet River in November 1927, March 1936, August 1955, October
1962, and March 1968. The flood in 1955 is, according to the
Corps of Engineers' Flood Plain Information Report, the flood
of record for the Assabet River. The estimated flow over the

A Washington Street dam was approximately 3,600 cfs and reached
an elevation of 212.4. The second greatest flood occurred in
March, 1936. Estimated peak flow for this flood was 3,000 cfs
and the maximum water surface was approximately 211.6.

d. Visual Observation - At the time of the inspection of the dam on
8 November 1978, the water surface over the crest of the spill-
way was approximately 2-3 inches, with a flow estimated at 20 --

cfs. The spillway appeared to be in good hydraulic condition.
There is a 3 foot by 4 foot sluice gate located on the left
side of the spillway. This gate was in the closed position at
the time of the inspection, but it has been reported that it is
marginally operable should the need arise to drain the pond
upstream of the dam. The sluice gate control is located on a 6
by 8 foot concrete structure 5 feet above the spillway crest.
There is evidence that at some time in the past, a sluiceway
existed in the basement of the building on the right abutment.
The entrance and exitway for the sluiceway appears to have been
blocked.
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Approximately 25 feet downstream from the dam, flow must pass
under the Washington Street bridge. This bridge has three arch-
type openings and appears to be in good condition. Downstream
of Washington Street, there is a building on the right bank of
the Assabet River. The left bank has little development with
small areas of vegetation growing in the river bed.

e. Test Flood Analysis - Based upon Corps of Engineers Guidelines, .-

the recommended test flood for the size (Intermediate) and
hazard potential (Significant) is within the range of 1/2 PMF to
full PMF (Probable Maximum Flood). The size classification,
based on the storage capacity of the dam, barely exceeds the
small" category. For this reason, the test flood selected was

the 1/2 PMF. The 1/2 PMF was determined using the guideline
- curves as presented by the New England Division of the Corps in

"Estimating Maximum Probable Discharges" for the Phase I, Dam
Safety Investigations". The watershed for the Assabet River is
very flat, with extensive swampy areas. Because of these
characteristics, an inflow of 4,150 cfs was adopted which is
slightly less than the recommended value for flat and coastal
terrain. Surcharge-storage routing of the 1/2 PMF inflow through

m the ponding area upstream of the dam resulted in a 1/2 PMP
outflow of approximately 3,940 cfs. In 1966, the New England
Division of the Corps of Engineers published a Flood Plain
Information report for the Assabet River. The Standard Project ..
Flood (SPF) developed for this report was approximately 5,320
cfs at the Maynard Gage which is on the Assabet River approxima-
tely 10.5 miles downstream of the Washington Street Dam with a
drainage area of 116 square miles. Using the drainage area
relationships, the SPF at the Washington Street Dam would be
approximately 3,790 cfs. According to published data, the SPF -.-

by definition, is approximately equal to 1/2 the PMF. For the
purposes of this report, the peak flow for the test flood will

LI be 3,790 cfs. This will result in a peak water level above the 5
dam of approximately Elev. 212.6. The spillway is considered
to be just adequate to pass the test flood.

f. Dam Failure Analysis - Based on Corps of Engineers Guidelines -.-

for Estimating Dam Failure hydrographs and assuming that the
breach width would be 40 percent of the dam, with the water
level at the top of the spillway abutments (Elev. 212.7), the
failure would result in a peak outflow rate of 4640 cfs. This
flow will result in moderate flooding downstream of Washington
Street, especially on the left bank. The constriction of Washing-

b, ton Street bridge and two other bridges downstream will cause
some backwater effect. Due to some storage between Washington
and Houghton streets, and between Houghton and Broad strects, the
peak flows will be reduced to 4,355 cfs and 4,275 cfs, respec-
tively.

• - .-." -. .
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The above dam failure analysis is based on the assumption that failure
would occur during a full spillway discharge of approximately 3,820 cfs.
The increase of flow, due to the dam failing, would amount to approxi-

.! mately 4,640 cfs. It is recognized that just prior to the dam failing,
a general condition of flooding would already be occurring downstream.
The increase in water surface downstream would be approximately 1 foot.

" This may or may not present any additional hazard beyond that already
existing, due to the high spillway discharge. However, it is recognized
that should the dam fail at some point in time when the spillway

- discharge is somewhat less than maximum, the increase in flow resulting
from a failure would be such as to have a significant effect on economic
losses and would increase the potential for loss of life to the inhabi-

.. tants of approximately 4 homes located on the left downstream bank. The
Washington Street Bridge would not be overtopped as a result of an
increase in flow due to a dam failure

. ,o~~'. - .. .o_
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SECTION 6: STRUCTURAL STABILITY

-6. Evaluation of Structural Stability

a. Visual Observation - The multi-pressure leaks at the bottom of
the spillway and the apparent bulging of a portion of the face
of the spillway indicate questionable structural stability of
the left half of the spillway. The presence of seepage from the
sealed abandoned sluiceway together with the observed evidence
of settlement behind the channel right side wall place this wall
in question. Although evidence of slight past movement at the
top of the left downstream wall is present, the indicated move-
ment is so slight it should not be considered evidence of struc-
tural instability at this time.

b. Design and Construction Data - There are no known design and --"-
construction data on the dam thus precluding a theoretical analy-
sis of structural stability.

c. Operating Records - Inspection reports indicate the pressure
leaks at the bottom of the spillway have been in existence for
at least ten years. This coupled with the present condition of
the dam indicates that the dam has inherent stability but it is
deteri orati ng.

Ud. Post-Construction Changes - Without design or "as-built" draw-
ings, the extent of post-construction changes is not known. The
existence of the concrete outlet works and the concrete portion
of the left side wall as compared to the stone masonry in other
areas indicates these structures were constructed at a later
date. The sealed outlets on the right side wall indicate that S
the area to the right of the spillway has been modified since
the original construction.

e. Seismic Stability - The dam is located in Seismic Zone No. 2 and,
in accordance with recommended Phase I guidelines, does not war-
rant seismic analysis. _
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SECTION 7: ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition - The visual examination of the Washington Street
Bridge Dam did not reveal any evidence of conditions which would
warrant emergency remedial treatment. However, the presence of 4
pressure leaks in the spillway and the face bulge in the spill-
way cause this project to be considered in poor condition. There
is need for maintenance and additional investigation that areoutlined hereinafter.

" b. Adequacy of Information - All of the information for the Phase I .0
Investigation had to be obtained from the visual examination,
limited field measurements and previous inspection reports.
While this information has been sufficient for the purpose of
this investigation, it does not permit a detailed evaluation of
stability and seepage. .

c. Urgency - The recommended additional investigations and remedial
measures outlined in Sections 7.2 and 7.3, respectively, should
be undertaken within one year of receipt of this report by the
Owner.

d. Need for Additional Investigations - Additional investigations
should be performed by the Owner as outlined in the following
secti on.

7.2 Recommendations

The Owner should engage the services of a qualified registered pro-
fessional engineer to perform the following investigations:

1. An investigation of the structural stability of the spillway.
The investigation should be based on detailed measurements of
the spillway, an inspection of the damage to the downstream face
of the spillway, and a sampling of the materials of construction
by core borings. The investigation should include the dewatering .

of the pool at which time the upstream face of the spillway
should be inspected, the joints in the stone work mortared to
reduce leakage, and the outlet gate repaired and made opera-
tional under the direction of a professional engineer.

2. An investigation to determine the location, original construc-
tion and present condition of the former sluiceway around the
right abutment, in order to establish whether or not it presents
any hazard to the safety of the dam. The investigation should
include further research into historical records, and examina-
tion of any crawl spaces under the building and the water level
opening below the dam. If a potential hazard does exist, correc- --

tive measures should be developed.

7-1
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7.3 Remedial Measures

a. Operation and Maintenance Procedures - It is recommended that the
following operation and maintenance procedures be adopted by the
Owner to correct deficiencies noted during the visual examina-
tion:•

(1) Remove deteriorated concrete on the outlet works structure
and patch with mortar, including all spalled areas. Repair
the cracks with epoxy.

(2) Remove vegetation from the training and channel walls and
clear debris from the spillway crest.

(3) Repair the sealant and concrete at the second wall joint
downstream of the dam on the left side.

(4) Develop a formal maintenance program, operational proce-
dure, emergency procedures plan and warning system in
cooperation with downstream officials. -. *

(5) Due to the condition of the spillway and the right abut- :-'- *

ment, the dam should be kept under surveillance during .-.-

periods of high precipitation and high reservoir levels.

(6) Institute a program of annual technical inspections.

7.4 Alternatives - An alternative to the recommendations and remedial
measures would be to breach the dam. The environmental impact of
breaching the dam should be investigated before taking this action.

7_--
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APPENDIX A

% INSPECTION TEAM ORGANIZATION AND CHECKLIST

Page No.

VISUAL INSPECTION PARTY ORGANIZATION A-i

* VISUAL INSPECTION CHECK LIST

Dam Embankment, Main Dam A-2
Spillway A-3

*Spillway (cont'd) A-4

Outlet Works A-S5
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VISUAL INSPECTION PARTY ORGANIZATION

NATIONAL DAM INSPECTION PROGRAM

PDAM: Washington Street Bridge Dam

DATE: November 8, 1978

T TI ME: 8:30 a.m.

WEATHER: 500 F -Overcast -Drizzle

WATER SURFACE ELEVATION UPSTREAM: 2" over w-eir -crest

STREAM FLOW: 15 cfs -

INSPECTION PARTY:

1 .Robert P, Howard -CDM - tri'ctural/Operations

2 .Francis E. Luttazi -CDM - Structura1/Operations (Ass't)

3 .CbArlpA F_ Fuiller -n CD -ydraulic/Hydrology.

4 -Joseph E. Downing -CDM - Hdraulic/Hydrology (Ass't) L

5 .peter T.__TCo,,nt- -HAlpg &. Aldrich -Soils

A 6.

PRESENT DURING INSPECTION:

2.
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Washiniton St. Br.. Hudson DATE: 8 November 1978 . 4
EMBANKMENT:________,____

CHECK LIST CONDITION

1. Upstream Slope Note: Dam has substantially no earth -.
a. Vegetation embankments. Stone masonry and/or
b. Sloughing or Erosion concrete walls on each side support
c. Rock Slope Protection - adjacent-area fill & confine flow.

Riprap Failures Condition notations below apply to :7
d. Animal Burrows abutment areas, as applicable:

2. Crest 1.
a. Vegetation a. N/A
b. Sloughing or Erosion b. N/A MOP
c. Surface cracks c. Stone masonry walls in reasonably
d. Movement or Settlement good condition.

d. N/A
3. Downstream Slope

a. Vegetation 2.
[ b. Sloughing or Erosion a. N/A

c. Surface cracks b. N/A
d. Animal Burrows c. N/A
e. Movement or Cracking near d. Apparent past settlement of bldg.

toe floor & pav't on rt. side over old
f. Unusual Embankment or sluiceway.

Downstream Seepage
g. Piping or Boils 3.
h. Foundation Drainage Features a. N/A
i. Toe Drains b. N/A

c. N/A
4. General d. N/A

i a. Lateral Movement e. N/A
b. Vertical Alignment f. Slight seepage from weep holes &
c. Horizontal Alignment at base of wall below dam on left.
d. Condition at Abutments and g. N/A

at Structures h. N/A
e. Indications of Movement of i. N/A

Structural Items
f. Trespassing 4.
g. Instrumentation Systems a. N/A

b. N/A
c. N/A
d. Seepage in abutment areas associated

with dam structure.
e. None observed
f. N/A
g. None

APPENDlIX A-2
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VISUAL INSPECTION CHECK LIST ."'

NATIONAL DAM INSPECTION PROGRAM

DAM: Washington Street DATE: November 8, 1978

SPILLWAY : _ _ _ _ _ _ _-_ _-_ _

CHECK LIST CONDITION

1. Approach Channel 1.
a. General Condition a. Good
b. Obstructions b. Heavy bush growth along left wall,

and minor growth on right wall.
c. Log Boom etc. c. None

2. Weir 2.
a. Flashboards a. None
b. Weir Elev. Control (Gate) b. See Control Facility
c. Vegetation c. Large build up of growth and debris

along spillway crest.
d. Seepage or Efflorescence d. Leaks through joints at 18 or more

locations along the bottom of the
left half of the spillway.

e. Rust or Stains e. None observed
f. Cracks f. None visible as observed from

downstream bridge.
g. Condition of Joints g. Condition of joints not observable

except where leaks are present.
h. Spalls, Voids or Erosion h. None visible as observed from

downstream bridge.
i. Visible Reinforcement i. N/A
j. General Struct. Condition j. Fair

3. Discharge Channel 3. 7 1
a. Apron a. Not visible - submerged.
b. Stilling Basin b. N/A
c. Channel Floor c. Not visible - submerged.
d. Vegetation d. None observed
e. Seepage e. None visible - Base of discharge

channel submerged.
f. Obstructions f. None observed upstream of bridge.

Trees & brush downstream.
g. General Struct. Condition g. Not observable

4. Walls 4. a.
a. Wall Location Upstream of (1) Heavy growth on grouted stone wall

Spillway Left & Right on left side and minor growth on
(1) Vegetation grouted granite slab stone wall on

right side.
S2) Seepage or Efflorescence (2) None observed above water line.
Rust or Stains (3) None observed (observed from bridge

(4) Cracks (4) None observed (observed from bridge
5) Condition of Joints (5) Not observable
(6) Spalls, Voids or Erosion (6) None observed (observed from bridge,
(7) Visible Reinforcement (7) None observed
(8) General Struct. Conditio (8) Good
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VISUAL INSPECTION CHECK LIST
NATIONAL DAM INSPECTION PROGRAM

DAM: Washington Street DATE: November 8, 1978
m ~SP ILLWA Y:, .

CHECK LIST CONDITION

4. b. Wall Location Downstream of . b.
Spillway Left.

(1) Vegetation (1) None observed
(2) Seepage or Efflorescence (2) Slow seepage at two of three weep

holes upstream of bridge and bottom
of stone masonry joint at upstream
end of bridge. Slow seepage at
bottom of joint in concrete 411
upstream of bridge. Very slow
seepage from two or three locations
at base of wall downstream of bridge

(3) Rust or Stains (3) Two of three weep holes and bottom
of joints show rust and stain.

(4) Cracks (4) Upper downstream corner of expansion
joint has cracked and fallen off.

(5) Condition of Joints (5) Construction joints good. Joint
filler in expansion joint has
disintegrated.

(6) Spalls, Voids or Erosion (6) See 4b(4)
(7) Visible Reinforcement (7) None observed
(8) General Struct. Condition (8) Good

c. Wall Location Downstream of . c.
Spillway Right

(1) Vegetation (1) None observed
(2) Seepage or Efflorescence (2) None observed through wall. Possibl

q seepage through blocked rectangular
outlet at water line close to
upstream edge of bridge. There is
a 16" sq. ft. + drain halfway up
the wall downstream of the bridge. '-

(3) Rust or Stains (3) Stains on concrete of concrete
blocked opening in mortared joint
stone wall.

(4) Cracks (4) None observed
(5) Condition of Joints (5) Good
(6) Spalls, Voids or Erosion (6) Concrete used to block up existing

openings in grouted stone wall shows
some minor erosion.

(7) Visible Reinforcement (7) Bars exposed on downstream side of
opening at water level near bridge.

(8) General Struct. Condition (8) Good.

hL ,
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VISUAL INSPECTION CHECK LIST L.

NATIONAL DAM INSPECTION PROGRAM

DAM: Washington Street DATE: November 8. 1978

OUTLET WORKS: Control Facility

CHECK LIST CONDITION -

1. Control Facility .
a. Structure a. Concrete gate structure approx. 6 ft.

wide by 8 ft. deep with the top of
the structure approx. 5 ft. above the ;
left side of the spillway crest.
Concrete badly spalled and eroded on
the spillway side at the crest ele-
vation. There is cracking on the -

downstream face at about the crest
elevation.

b. Screens b. None observed
c. Stop Logs c. None
d. Gates d. There is a 3.0 ft. wide by 4.0 ft.

high slide gate. Gate leaks around
edges and through a pin hole in gate.

e. Conduit e. None
f. Seepage or Leaks f. See ld.
g. General Struct. Condition g. The structure is in generally good

condition. The slide gate appears -

to be in poor condition, and should
Bbe replaced.

- . °
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APPENDIX B
LIST OF AVAILABLE DOCUMENTS AND

PRIOR INSPECTION REPORTS

U Page No.

LIST OF AVAILABLE DOCUMENTS None

PRIOR INSPECTION REPORTS

Date By-

*September 5, 1968 Metcalf & Eddy Engineers B-1
December 5, 1974 Mass. Dept. of Public Works B-3, 4, 5, 6 -

w/ Description of Damn B-7, 8, 9
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Mr. John Shaughn'-,C September 5, 1968

2t o 3. fe et above the base of the damn. The remainder of the ex- -- ~- ~

Fromi our study of the structure we conclude that the leaks
should be stopped in order to preserve the stability of the str c -

* ture. The work would best be undertaken during q period of low
stream flow when the pond could be drawn down through the gateL and a .ow coffer-dam placed around the upstream toe. The method
of stopping the leaks could be determined when the sources of,
the leaks w..ere discovered. Repair of the upstream face apron
and/or cement grouting of the stone blocks in the dam or the rockI: foundation might be among the methods employed.

The question 4a raised by Mr. Huehmer as to whether it
would be permissable to place flashboards on the crest of the dam.
Flashboards would reduce the discharge capacity of the spillway...

* Our studies also show that flashboards would throw additional
stresses on the dam which could lead to endangering its st~bil-

We therefore recommend that: :

1. 'The leakage.in the dam be elimiinated.

2. N)o flashboards be installed on the dam.

...Very truly yours,

I METCALF &,EDDY, IN~C.

Gordon E.,Ti~hornas
.;..Project Engineer

GET:jg
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APPENDIX C

SELECTED PHOTOGRAPHS OF PROJECT

Location of Photographs C-i

PHOTOGRAPHS

No. Title Page No. S

2. View of Dam and Spillway from Left Abutment.
Sluice Gate Operator is in Foreground. C-2

- - 3. Sluice Gate Operator C-2
- 4. View of-downstream channel from Washington C-3

Street Bridge
5. View of Left Abutment showing Weep Holes and

Control Works Outlet C-3
6. View of Downstream Face of Washington Street

Bridge. Dam is in Background. C-4
7. View towards Crest of Spillway from North Shore

1 of Storage Pool C-4
* 8. View of Upstream Face of Washington Street

Bridge from Sluice Gate Control Structure C-5
9. View of Left Abutment and Left Side of Spillway

from Washington Street Bridge C-5
10. View of Right Abutment and Right Side of Spillway

from Washington Street Bridge C-6
11. Depression in Sidewalk Adjacent to Washington

Street and Downstream Channel Right Wall C-6
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2. View of dam and spillway from left abutment.
Sluice gate operator is in foreground.

170

3. Sluice gate operator,
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4. View of downstream channel from Washington St. Bridge.

5. View of left abutment showing weep holes and control
works outlet.

APPENDIX C-3

471 0 S 0 0 0 0



OBINSONS x

6. View of downstream face of Washington St. Bridge.
Dam is in background.

No



3. View of upstream face of Washington St. Bridge from
sluice gate control structure.

9. View of left abutment and left side of spillway from 7
Washington St. Bridge.
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10. View of right abutment and right side of spillway
from Washington St. Bridge.

MU

11. Depression in sidewalk adjacent to Washington St.
andI downstream channel right wall.
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OUTLINE OF DRAINAGE AREA AND
HYDRAULIC COMPUTATIONS

. COMPUTATIONS Page No.

Drainage Area Map D-1
• Drainage Area D-2

Impact Area D-3
Dam Failure Analysis D-4
Stage-Discharge Relationships D-5
Size Classification, Hazard Potential D-17
and Test Flood Determination

Flood Routing D-19
- Tailwater Analysis D-20
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